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Introduction

Numerical magnitude understanding by young children, ways of stimulating this f.e. with intervention programs and their impact on future mathematics achievement, started in cognitive neuropsychology, is now a virulent field of research in the didactics of mathematics. Some others like pattern and structure assessment [START_REF] Mulligan | Pattern and structure assessment (PASA): An assessment program for early mathematics (Years F-2) teacher guide[END_REF] or the role of executive functions in mathematics achievement [START_REF] Van Dooren | Inhibitory control in mathematical thinking, learning and problem solving: A survey[END_REF] are getting more attention recently, linking mathematics education and neuropsychology again. Neuropsychological evidence suggests that abilities of processing spatial information play a significant role in grasping magnitudes and emphasize the potential benefit of promoting their development early on [START_REF] Verdine | Deconstructing Building Blocks: Preschoolers' spatial assembly performance relates to early mathematical skills[END_REF]. However, studies have still to attest a beneficial value of trainings for spatial abilities. The current study focuses on the development and evaluation of such a training program for preschoolers. The training was developed on the bases of two trainings designed for children with constructional apraxia [START_REF] Schroeder | Klabauter: Neuropsychologisches Therapieprogramm für Kinder mit räumlich-konstruktiven Störungen[END_REF][START_REF] Muth | Training für Kinder mit räumlich-konstruktiven Störungen[END_REF]. Constructional apraxia is a visuomotor disorder with deficits in perceiving the extrapersonal space and building/drawing objects [START_REF] Hanser | Lexikon der Neurowissenschaft[END_REF]. Tasks within these trainings focus on the perception of shapes, angles, lengths and spatial axes, cognitive processes like mental changes in perspective, spatial orientation and navigation as well as the construction of 2-and 3-D objects. Materials and tasks were partially derived, adjusted in difficulty and modified to fit in a coherent 10-days training with 27 consecutive tasks. Afterwards, the training was reviewed by preschool teachers, revised and implemented for evaluative purposes.

Methods

Six daycare centers with 60 preschoolers (31 males; ages from 5.5 to 7.2 years; M age = 6.2) participated. Thirty-seven children received the training (EG; experimental group), while 23 children resumed their normal day routine (CG; control group). Before and after the training, performance tests (sustained attention: DL-KG, numbers and magnitudes: ZAREKI-K, motor skills: M-ABC-2, intelligence: CFT) were applied to measure training effects. In addition, preschool teachers were asked to evaluate the improvements of each child during this period on targeted skills (spatial perception, spatial imagination, math skills, fine and gross motor skills, social skills) and not targeted skills (artistic skills, verbal skills) on stepless scales between "degraded" and "improved". For further improvement of the training, teachers rated each task on stepless scales between "adverse" and "beneficial" for target skills. All stepless scales deliver values between -5.0 and +5.0. They also assessed difficulty, excitement and entertainment value of each task as indirect moderators of general learning success (e.g. via motivation and attention) on 5-point Likert scales.

MANOVAs were applied to reveal training effects (EG > CG) on improvement ratings A significant effect of the training was found for target skills, V = .88, F(6,5) = 6.62, p = .03. The univariate F tests showed a significant difference between EG and CG for spatial perception, F(1,10) = 9.93, p = .01, η 2 = 0.49 and spatial imagination, F(1,10) = 6.11, p = .03, η 2 = 0.38. Due to unevenly distributed missing values, pre-post improvements were contrasted between EG and CG with t-Tests, revealing benefits for intelligence (CFT; t(42) = 1.81, p = .04) and a tendency for higher improvements of sustained attention (DL-KG; t(52) = 1.47, p = .07) in the EG.

On average, the training was rated as beneficial (+2.8) by preschool teachers. Each task was considered beneficial (> +2.5) for at least one target skill. The difficulties of 9 tasks need to be increased. Ratings of excitement were mainly mediocre. The entertainment value of 19 tasks was rated positive.

Discussion

Overall, beneficial effects of the training were reported by subjective teacher ratings for spatial perception and imagination. Furthermore, intelligence increased more strongly in children with the training. Considering the relation between intelligence, working memory and mathematical abilities [START_REF] Alloway | Investigating the predictive roles of working memory and IQ in academic attainment[END_REF] this training-related increase might also be moderated by an increase in math skills. Developing a specific diagnostic tool for spatial abilities as well as applying follow-up tests might be promising to reveal objectively measured benefits for targeted skills. As one main goal of the current survey, feedback revealed several approaches for improving the effectivity of the training and thereby paving the way to the next phase of the evaluation.